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Cigarerra smoking has boon implicated in the patho¬ 
genesis of ischemic heart disease, emphysema, ob¬ 
structive lung disease and neoplastic disorders- More 
than 1000 constituents of smoke, including many oxi¬ 
dants, pro-oxidants, free radicals and reducing agents, 
have bean identified. Tire activities or erythrocyte SU- 
peroxide dismutase (SOD), catalase (CAT! and glu¬ 
tathione peroxidase IGSH-Px), which are thn impor¬ 
tant components of antioxidant defense system, were 
measured in 100 healthy volunteers. This study in¬ 
cluded heavy smokers (consuming cigarettes a 20 per 
day; n=30, group I), light smokers (consuming ciga- 
roTTas<20 per day: n=20, group II), passive smokers (ex¬ 
posed to cigarette smoke In the indoor environment; 
n=20, group III), and non-smokers (n=20. the control 
group). While activities of SOD and CAT in erythro¬ 
cytes were significantly lower in groups I. II and HI than 
In the control group (pcU.01 far all), mean erythrocyte 
GSH-Px activity in group 111 was higher than that in 
grnups I, II and in controls. These results suggest that 
the increased oxidative stress occurs In smokers, ow¬ 
ing to the free radicals present in smoke. It might 
cause a decrease In antioxidant enzyme activities and 
oxidant/antioxidant Imbalance. We also observed that 
passive smokers were affected by the environmental 
smoke to the same extent as active smokers. Clin 
Cham Lab Med 2002,'40(6):61Z-615 

Key words; Smoking; Superoxide dismutase; Cata¬ 
lase; Glutathione peroxidase. 

Abbreviations: CAT. catalase; GSH-Px, glutathione 
peroxidase; PBS, phosphate buffer saline; SOD, super¬ 
oxide dismutase. 


introduction 

Cigarette smoking has been identified as a significant 
contributing factor in the etiology of respiratory, cardio¬ 
vascular and other disorders (1). More than one thou¬ 
sand constituents of smoke, including many oxidants. 
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pro-oxidants, free radicals and reducing agents, have 
been identified (2,3). Afurther oxidative burden can be 
Imposed an smokers as a consequence of a chronic 
low-level inflammation of the respiratory tract. The 
numberof Inflammatory cells inthaairways of smokers 
is increased 2- to 4-fold (4). These eell9 generaia a range 
of free radicals, mainly oxygen-based, which are linked 
with their normal role in host defense (i). 

Becaqse free radicals are potentially toxic they usu¬ 
ally are inactivated or scavenged by antioxidants be¬ 
fore they can inflict damage to lipids, proteins ornudeic 
acids. The human body has a complex antioxidant de¬ 
fense system that includes the antioxidant enzymes su¬ 
peroxide dismutase (SOD), glutathione peroxidase 
(GSH-Px) and catalase (CAT). These block the initation 
at free radical chain reactions. The non-enzymatic an¬ 
tioxidant components consist of molecules such as glu¬ 
tathione, a-tocopherol. ascorbic acid and p-carotene 
that react with activated oxygen species and thereby 
prevent tha propagation of free radical chain reactions. 
Howavar, when free radicals are generated in excess or 
the cellular antioxidant defense system is defective, 
they can stimulate chain reactions by interacting with 
proteins, lipids and nucleic acids, causing cellular dys¬ 
function and even death (5). 

There are contradictory findings on this subject in 
the literature. For example, increased CAT activity and 
decreased GSH-Px activity in the erythrocytes have 
been reported in smokers in one study (6), but in the 
study of Brown ef a/. (7) erythrocyte antioxidant en¬ 
zyme activities were found to bo increased in smokers. 
In another study erythrocyte activities of SOD, Cat and 
GSH-Px were found significantly decreased in smokers 
(8). In the present study we investigated the effect of 
smoking and number of cigarettes consumed per day 
on the activities of the antioxidant enzymes (GSH-Px, 
CAT and SOD) in erythrocytes, and we also investi¬ 
gated the relationship between these enzymes and the 
number of cigarettes consumed per day. and smoking 
duration. 


Materials and Methods 

This study included 1D0 healthy subjects 169 male and 31 fe¬ 
male, aged 19 to 58 years). All subjects were healthy volun¬ 
teers recruited from among the hospital employees or their 
friends. Informed consent was obtained from all subjects. 
They were not suffering from any diseases and were nor on 
any medication, including vitamins. The subjects were di¬ 
vided into four subgroups: group 1 (heavy smokers) were indi 
victuals smoking ; 20 cigarettes par day (n=30), group It (light 
smokers) were individuals smo|cing<2Q cigarettes per day 
(n°30), group 111 (paaBive smokers) were exposed to passive 
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smoke at work or at home ln-20), Bnd group IV (control group) 
were non-smokers not exposed to passive smoke at work or at 
home, The demographic data of the 100 subjects arB pre¬ 
sented in Table 1 . 

Venous blood was collected in tubes with acid citrate dex¬ 
trose and centrifuged st 2500 x g for 15 min, Erythrocytes 
ware washed 3 times with equal volumes of phosphate buffer 
saline (PBSI. Then, 0.4 ml of washed erythrocytes was trans¬ 
ferred into lubes with 0.4 ml PBS and stored at -SO^C until 
analysis. The remaining blood was collected in plain tubes, 
without anticoagulant, and centrifuged at 3500 x 9 for 5 min. 
The serum was used for routine biochemical analysis. Sub¬ 
jects who had abnormal biochemical results were excluded. 

Hemoglobin concentration was determined using the cyan- 
methamoglobin method (9). The principle of SOD activity 
measurement wee based an the inhibition of niirobiue tetra- 
iolium reduction with the xanthine-xanthine oxides a system 
as a supetoxidB generator. Superoxide radicals produced re¬ 
duce nitroblueietrazolium andformfurmajene. SOD prevents 
this reaction, and its activity is inversely proportional to the 
absorbance value of formazane at 560 nm. By using a blank lit 
which all reagents were present except erythrocytes, and by 
determining tha absorbances of samples and blank, activity 
was calculated as follows: 

Percent inhibitioM 1 * 100 - 

One SOD unit was defined as the amount of the enzyme 
causing 50% inhibition of the niirobiue tevazolium reduction 
rare. SOD activity was expressed In units per gram hemoglo¬ 
bin ( 10 ). 

The principle of GSH-Px activity assay was based on the de¬ 
crease in absorbance of NADPH at 340 nm. GSH-Px oxidizes 
reduced glutathione to oxidized glutathione which Is then re¬ 
duced by glutathione reductase. In the last reaction, while 
NADPH is oxidized to NADP\ the absorbance of NADpH at 
340 nm begins to decrease steadily. By measuring the ab¬ 
sorbs nca change per minute and by using the molar extinc¬ 
tion coefficient of NADPH, GSH-Fx activity of arythrocytes is 
calculated per gram hemoglobin ( 11 ). 

The principle of the CAT activity assay is based on the de¬ 
termination of the rate constant (a -1 , k) of the hydrogen perox¬ 
ide (H 4 0 2 1 decomposition rate. Rate constant, k - ll/Atl x 
InlA/Ajl. where a, end Aj, are the absorbance values of H s O; 
at times t, and i 3 , CAT activity WB 9 expressad as k/g hemoglo¬ 


bin ( 12 ). Serum thiocyanate levels were used as bh indicator 
of cigarette s mokieg. 

Results were given es mean r SD. Erythrocyte SOD, GSH-Px 
and CAT activities were analyzed bv one-way ANOVA and the 
significance of the mean differences beiwsan groups was 
evaluated by Duncan test. For correlation analysis, Carl Peer- 
son Moment correlation last was used. 


Results 

The mean activity of SOD, GSH-Px and CAT in the ery¬ 
throcytes in the different groups are given in Table 2. 
The results of correlation analysis between the activi¬ 
ties of the studied enzymes and betwaen these activi¬ 
ties and the number of cigarettes consumed per day 
and smoking duration are given in Table 3 . 

As shown in Table 2. there were statistically signifi¬ 
cant differences between mean activity of the enzymes 
in most of the groups. In this regard, CaT and SOD ac¬ 
tivity in the control group and GSH-Px activity in group 
ill ware found to be higher than In the other groups. Re¬ 
garding GSH-Px activities, there were differences be¬ 
tween the control group and groups f and It, but these 
were not significant While the activity of SOD and CAT 
in erythrocytes was ejgn'rfieantly lower in groups I, II 
and III than in group IV (p<O.D1 for all), the mean ery¬ 
throcyte GSH-Px activity in group III was higher than 
that ot groups 1 , II and iv (p<o.oi for ell). 

In group I a negative correlation was found between 
the number of cigarettes consumed per day and ery¬ 
throcyte CAT activity (r=-0.34, p«D.05|, In group II, a 
negative correlation was found between erythrocyte 
SOD activity and the number of cigarettes consumed 
per day, and smoking duration (r=-o.36, p<0.05 and 
r=-0.40, p«D.05, respectively). There was also a corre¬ 
lation between GSH-Px and the duration of smoking 
(r=—0.49, p«0.01). There was a significant correlation 
between the activity of erythrocyte SOD and GSh-Px in 


Table 1 Age and duration of smoking In the study participants. 


Goupl Group II Group III Group IV 

(heavy smokers) (light smokers) (passive smokers) (controls) 


Age (years) 32.90*7.25 2 B. 37 * 7 .S 2 28.35*9.59 3Q.95±1,15 

Duration of smoking (years) 13,93*12-00 9.27*7.10 - - 

Cigarcttes/day 24,67*6.71 13 . 17 * 3.46 


Table Z Erythroeyta activities of SOD, GSH-Px and CAT in smokers and controls- 


Group 1 

(hsavy smokarsl 

Group It 
(light emokors) 

Group 111 

(passive smoker?) 

Group (V 
(controls) 

SOD (U/gHb) 

2003.2*272,2* 

1322*239,6* 

1902*264,4* 

2389.8**36.6 

CAT ik/gHbl 

241.3*198,9" 

344.6*170,8* 

364,1*135.4* 

555,5*194.7 

GSH-Px (U/gHb) 

ZZ.95±11.7Z’* 

21.16*5.62** 

32.57*9,34 

27,01*0.13”’ 


Values are mesneSD; "pcO.Cll compared with group IV; »*p<o.Ol compared with group III 
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Tables Relationship between enzyme activities and smoking status in smokers and controls 
(correlation coefficient). 


Groups 

Group 1 

(heavy smokers) 

Group l| 

(light smokers) 

Group 111 

(passive smokers) 

Group IV 
(controls) 

SOD/GSH-Px 

0.22 

0.69" 

0.44 s 

p.75 a 

SOD/TAT 

0.01 

-0,07 

0.19 

0.26 

gsh-px/cat 

0.27 

-0.14 

0.47* 

-0.03 

Number of cigarettae/CAT 

-0.34* 

-0.06 

- 

- 

Number of cigarettes/SOD 

0.00 

-0,36“= 

- 

- 

Number of cigerettes/GSH-Px 

-0.11 

-Q.Z9 

- 

- 

Duration of smoking/CAT 

-0.18 

-0.02 

- 

- 

Duration of smoking/SOD 

-0.09 

-0.40“ 

- 

- 

Duration of smaking/GSH-Px 

-O.lfi 

-0,49>“ 

- 

- 


apeO.OOl, “p.fl.01, tpeO.OS 


groups ll. III and IV (r=0,59, p<0.ooi; r=0-44, p<o,05 and 
r=0.7S, p<o.o0l, respectively! Finally, there was a cor¬ 
relation between the activity of erythrocyte CAT and 
GSH-Px lr=0.47, pxO.05) in group ill. 


Discussion 

Cigarette smoke contains many oxidants, free radicals 
and metastable products that are capable of reacting 
with, or inactivating, the essential cellular constituents. 
In addition, smoking causes an increase in oxidative 
metabolism of macrophages and neutrophils. The in¬ 
creased oxidative metabolism of phagocytes is accom¬ 
panied by the ircieasad generation of reactive oxygen 
species (2-5). Because these are potentially toxiO, they 
usually ara inactivated or scavenged by antioxidants 
before they can inflict damage to lipids, proteins or nu¬ 
cleic acids causing callular dysfunction and even death. 
SOD. CAT and GSH-Px are generally believed to play vi¬ 
tal roles in protecting the body against the toxic effect 
of oxidants (7). 

We found significantly decreased erythrocyte SOD 
and CAT activities in active and passive smokers in com¬ 
parison to non-smokers. There was a tendency towards 
decreasing SOD and CAT activity in the erythrocytes 
from group !V to group I. Erythrocyte GSH-Px activity 
was highest in passive smokers and lowest in light 
smokers, This decrease in enzyme activity most proba¬ 
bly reflects the increased oxidative stress thought to oc¬ 
cur in smokers. Breakdown of antioxidants may occur in 
cigarette smoking 03). While there was a positive corre¬ 
lation between thB activity of SOD and GSK-Pxin groups 
II and III and in tha control group, there was no correla¬ 
tion in the heavy-smoker group which indicated abol¬ 
ished relationship between the activity of free radical 
metabolizing enzymes. GSH-Px and CAT complement 
each other In raspacito intracellular location. CAT scav¬ 
engers high concentrations of H 2 0 2 more effectively, 
whereas GSH-Px is important as a scavenger at lowcon- 
centrations (14). Generally- the change in CAT activity is 
closely related to the level of SOD because superoxides 
are converted to H 2 0 2 by SOD or by spontaneous dismu- 
tation reaction (51. The enhanced susceptibility of ery¬ 


throcytes in smokers to peroxidation may reflect lower 
activities of GSH-Px, CAT and SDD. Differences in GSH- 
Px activity between smokers and non-smokers have 
been reported previously and may be associated With 
the decreased selenium status (15). Smokers may be 
less sensitive to free radical damage than non-smokers 
because of changes in the levels of antioxidant en¬ 
zymes. In passive smokers, increased GSH-Px activity 
exerts a protective effect from subsequent oxidant 
stress. This may explain why GSH-Px was higher in pas¬ 
sive smokers than in active smokers. 

Increased (7) and decreased erythrocyte antioxidant 
enzyme activity (0, 13) has been reported in smokers. 
Dulhie era), (6) reported that erythrocyte CAT and SOD 
activity was the same in smokers and non-smokers, 
while GSH-Px activity was lower in smokers. Th ere we re 
no effects of smoking on erythrocyte CAT and GSH-Px 
activity in another study (16). Huiea ef a/. 117) found 
higher erythrocyte GSH-Px and SOD activity in smokers 
in the 18—45 years age group and lower activity in the 
age of 46-80 years. In cigarette smokers, erythrocyte 
GSH level Was significantly lower compared to healthy 
controls (18). It has beer demonstrated that smoking de¬ 
presses plasma antioxidant capacity (19, 20, 21). and 
smoking cessation is associated with decreased mark¬ 
ers of oxidation in the plasma of active cigarette smok¬ 
ers (19). The authors of the study argue that this finding 
is consistent with the view that smokers are under a sus¬ 
tained oxidative load and that an inadequate antioxidant 
status combined with the increased free radical load 
caused by smoking may exacerbate the oxidation of LDL 
and increase its atherogenic properties (20). 

Our results showing lower activity of SOD, CAT and 
GSH-Px in the erythrocytes are consistent with previ¬ 
ous findings. Lower levels of antioxidant enzymes may 
cause the accumulation of free radicals generated by 
smoking. It has been demonstrated that a pro-oxidant- 
antioxidam imbalance exists in the blood of smokers. 
Generally, the redox status in vivo is determined by the 
balance between pro-oxidant and antioxidant capacity. 
Our data show dearly that exposure of humans to cig¬ 
arette smoke results in the decrease of the activity of 
the major antioxidant enzymes. 

In conclusion, an oxidnnt/sntioxidant imbalance ex- 
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ists in smpkers and oxidative stress might be exacer¬ 
bated. Passive smokers are affected by the environ¬ 
mental smoke as much as active smokers. 

References 

1. Kalra J, Chaudhary AK, Prasad K. Increased production ot 
oxygen free radicals in eigareerte smokers. Int J Exp Path 
1991;72:1-7. 

2. Schumacher JM. Green CFt, Best FW, Newell MP, Smoke 
composition: an extensive investigation of the water-solu¬ 
ble portion of cigarette smoke. J Agric Food Chem 1977; 
26:310-20. 

3. Sakuma H. OhsumiT, Sugawsrs S. Particulate phase of cel¬ 
lulose cigarette smoke. Agric Biol Cham 1990; 44:555-61. 

4. Hunninghaka GW. Crystal RG. Cigarette smoking and lung 
destruction: accumulation of neutrophils In the lungs of 
cigarette smokers. Am Rev Respir bis 1993; 126:933-6. 

6. Sohn HO, Lim US, Lee VG. Lee DW, Kim VY. Effect of sub- 
chronic administration of antioxidants against cigarette 
smoke exposure in rats. Arch Toxicol 1993; 67:667-73. 

6. Duthie GG, Arthur JR, James WPT. Effects of smoking ahd 
vitamin € on blood antioxidant status. Am J Clin Nutt 1991; 
S3 Suppl 4:UI61S-3S_ 

7 Brown KM, Morrice PC. Arthur JR, Duthie GC. Effects of vi¬ 
tamin E Supplementation on erythrocyte antioxidant de¬ 
fense mechanism of smoking and non-smoking men. Clin 
Sci (Colchl 1996; 91:107-11, 

8. Zhou JF, YanXF, Guo FZ, Sun NY, QisnZJ, Ding DY. Effects 
ol Cigarette smoking and smoking cessation on plasma 
constituents and enzyme activities related to oxidative 
Stress. Biomad Environ Sci 2000; 13:44-55, 

9. van Kampen EJ, Zijstro WG, Determination of hemoglobin 
and its derivatives, Adv Clin Chem 1965; 8:141-87. 

10. Sun Y. Oberley LW. Ying U. a simple method for clinical as- 
. ssy of superoxide dismutase. Clin Cham 1988;34:497-609, 
li-Paglia D, Valentina WN. Studies on the quantitative and 
qualitative characterization of erythrocyte glutmhlonn par- 
axidsse, J Lab Clin Med 1967; 70:158-63. 

12. Aebi H. Catalase. In: Bergmayer HU, editor. Methods of sri- 
rymatic analysis. New York: Weinhsim Academic Press, 
1974:647-83. 


13. Codandabany U, Erythrocyte lipid peroxidation and an¬ 
tioxidants in cigarette smokers. Cell Bioohem Funot 2000; 
18:99—102. 

Id. Calabrasa EJ. Canada AT. Catalase; Its rols in xsnobiotic 
detoxification. Pharmacol Ther 1989;44:297-307. 

15. Ellis Nl, Lloyd B. Uoyd RS. Clayton BE. Selenium and vita 
min E in relation to risk factors for coronary heart disease 
J Clin Pathol 1984;37:200-6. 

16. Bjorkman L, Svartsngran M, Nordbarg M. Individual differ, 
ences in activity of glutathione peroxidase and catalase 
studied in monozygotic twins discordant for smoking, H 
Exper Toxicol 1992; 11:341-6- 

17. Hulea SA, Ollnescu R, Nlta S, Crocnan D, Kummerow FA, 
Cigarette smoking causes biochemical changes in blood 
that are suggestive of oxidative strass: a case-control 
study. J Environ Pathol Toxicol Oncol 1995; 14:173-80. 

18. Srour MA, Brito YY, Juma M. Susceptibility of erythrocytes 
from non-insulin-dependant diabetes mellitus and he¬ 
modialysis pBtients, cigarette smokers and non smokers 
subject to in-vitro oxidative stress and lose of deformabil- 
ity Clin Hemorheol Mierocim 20DQ; 22:173-80. 

19. Petruz 2 elli S, Tavantl LM, Pulera fi. Fornai E. Puntoni R, Celi 
a, er el. Effects of nicotine re placement therapy on markers 
of oxidative stress in cigarette smokers enrolled in a smok¬ 
ing cessation program. Nicotine Tob Res 2000; 2:345-50. 

20. Duthie GG, ShorttCT, Robertson JD. Walker KA, Arthur JR. 
Plasma antioxidants, indexes of lipid peroxidation and 
coronary heart disease risk factors In a Scottish popula¬ 
tion, Nuir Res 199Z; 12:61-7. 

21. Pincamail J, Slquet J, CbapelJe J, Cheramy-Biert J, Paulis- 
sen G, Chantillon A, at si. Determination of plasmatic con¬ 
centrations in antioxidants, antibodies against oxidized 
LDL, and homocystein in a sampling of Liege population. 
Ann Biol Clio 2000; 58:177-85. 

Received 6 December 2001, revised 3 April 2002, 

accepted IB April 2002 

Corresponding author. Dr, Leyla Yildrz. Department of 

Biochemistry, School of Madicine. Ataiftrk University, 

25240 Erzurum,Turkey 

E-mail: yildiz.f@supsronHna.com 


PM3006722666 


Source: https://www.industrydocuments.ucsf.edu/docs/yrbj0001 



